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TITLE: HE ATING APPLIANCE 
TECHNTCAT. FTRTT> 

The present invention relates to a heating appliance and in particular to a 
heating appliance fuelled by a combustible gas. 
5 The invention has been developed primarily for use in domestic gas space 

heaters and will be described hereinafter wiA reference to this application. However, 
it will be appreciated that the invention is not limited to this particular field of use. 
BACKGROUND ART 

Gas heaters are popular due to their low costs, both capital and on-going, and 
10 their high heating capacity. However, increasing awareness of the dangers of 
emissions of oxides of nitrogen (NOx), particularly in flueless heaters, has seen a 
corresponding increase in the amount of regulation surrounding such heaters. 

One way to reduce NOx emission from a gas heater has been to optimise the 
combustion chamber and burner designs, and air injection systems. However, in the 
15 past such optimisation has generally occurred in the physical size and layout of the 
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chamber, and cnide pre-setting of a minimum of a heater's many possible operating 
parameters. 

Another major concern, with flueless gas heaters in particular, is the 
depletion of oxygen which takes place in a poorly ventilated room. As oxygen (Oj) is 
5 consumed, carbon dioxide (COj) and carbon monoxide (CO) build up and can provide 
a health risk for the persons in the room. 

Flashback is a condition where the flame is inside of the burner rather than on 
top of the combustion surface. To prevent destruction of the burner under flashback 
conditions, the typical heater has required a burner that is substantially more rugged. 
10 heavy and expensive than otherwise needed. 

Also, the ability to change the operating parameters of such a device during 
manufacture and after installation has been severely limited in scope. Reliance has 
been placed upon test equipment external to the device or rudimentary electronic 
controls. 

,5 0"^^^ TNVFNTIQN 

It is an object of the present invention to overcome or at least ameliorate one 

or more of these disadvantages. 

According to a first aspect of the invention there is provided a heating 
appliance fuelled by a combustible gas comprising: 
20 a gas burner, said gas burner providing a site for substantially all of the 

combustion; 

a jet for delivering the gas to said burner; 

a valve for controlling flow of tiie gas to said jet; 
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an electrical ignition system for selectively igniting gas at the burner; 

a combustion chamber about said burner, said chamber having an inlet for 
combustion air and an outlet for burned gases; 

a combustion status sensor located at the combustion site for providing a 
S signal indicative of a combustion status to be sensed; and 

a first controller that controls said appliance in accordance with said 
combustion status signal and a plurality of stored calibration parameters, said 
controller thereby being responsive to at least one of CO2/O2 concentration, flashback, 
combustible gas type, or gas pressure. 
10 According to a second aspect of the invention there is provided a heating 

appliance fuelled by a combustible gas comprising: 

a gas burner, said gas burner providing a site for substantially all of the 
combustion; 

a jet for delivering the gas to said burner; 
1 5 a valve for controlling flow of the gas to said jet; 

an electrical ignition system for selectively igniting gas at the burner; 

a combustion chamber about said burner, said diamber having an inlet for 
combustion air and an oudet for burned gases; 

a thermocouple located at the combustion site for providing a first signal 
20 indicative of a combustion status to be sensed; 

an intake for cooling air; 

an outlet for a combination of said cooling air and said burned gases; 
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a temperature sensor located near said outlet for said combined cooling air 
and burned gases, said temperature sensor providing a second signal indicative of the 
combustion status to be sensed; and 

a first controller that controls said appliance in accordance with said 
5 combustion status signals. 

According to a third aspect of the invention there is provided a heating 
appliance fuelled by a combustible gas comprising: 

a gas burner, said gas bumer providing a site for substantially all of the 
combustion; 

10 a jet for delivering the gas to said burner, 

a valve for controlling flow of the gas to said jet; 
an electrical ignition system for selectively igniting gas at the bumer; 
a combustion chamber about said bumer, said chamber having an inlet for 
combustion air and an outlet for bumed gases; 
15 a combustion gas temperature sensor located at the combustion site for 

providing a first signal indicative of a combustion status to be sensed; 

a combustion gas conductivity sensor located at the combustion site for 
providing a second signal indicative of a combustion status to be sensed; and 
a first controller that for an initial period controls said appliance in 
20 accordance with said second signal and for a later period controls said appliance in 
accordance v^th said first signal, said controller thereby being responsive to flashback 
during either period. 
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According to a further aspect of the invention there is provided a heating 
appliance fuelled by a combustible gas comprising: 

a gas burner, said gas burner providing a site for substantially all of the 
combustion; 

5 a jet for delivering the gas to said burner; 

a valve for controlling flow of the gas to said jet; 
an electrical ignition system for selectively igniting gas at the burner; 
a combustion chamber about said burner, said chamber having an inlet for 
combustion air and an outlet for burned gases; 
1 0 a fan for providing combustion air; 

a combustion sensor; and 

a first controller that provides an alert sequence if said sensor detects an 
ongoing combustion signal before an ignition attempt or if combustion continues alter 
gas shutofF, said alert sequence including activating said fan for the duration of said 

15 alert sequence. 

The present invention is primarily concerned with actively monitoring 
changes in the operation and efficiency of the appliance over time, rather than the 
macro effects of the heated air created by the appliance. The controller of the 
invention interprets data change with respect to small time increments to ascertain and 

20 vary the status of the appliance. 

BRIFF nFSrRIPTTnM np THK PRAWTMnS 

A preferred embodiment of the invention will now be described, by way of 
example only, with reference to the accompanying drawings in which: 
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Figure 1 is a schematic diagram of the prefened embodiment of a system 
according to the invention; 

Figure 2 is a schematic diagram of the airflow and sensing means of the 
invention of Figure 1; 
5 Figure 3 is a sectional view of the invention of Figures 1 and 2; 

Figure 4 shows a graph of raw ODS data; 

Figure S shows a graph of the data of Figure 4 after a smoothing filter has 
been applied; 

Figure 6 shows a graph of the ODS signal in response to a flashback 
10 condition; 

Figure 7 shows a graph of the ODS signal when a natural gas heater is run on 

LP gas; 

Figure 8 shows a comparative graph of the averaged ODS signal for three 
different gas pressures of 0.S, 1.0 and l.S kPa; and 
1 5 Figure 9 shows a comparative graph of the average ODS signals for a heater 

running in both vitiated and ventilated rooms. 
MOnKS FOR rARRYTNO OUT THF TNVKNTTnN 

Referring to the drawings, there is illustrated a system 1 for controlling a gas 
appliance in the form of a heater 2. The heater includes a gas burner 3, a main jet 4, a 
20 control valve S, an ignition system 6, a cooling air intake 7 and a combustion chamber 
8. 

Preferably, the gas burner 3 is of the multi-layer mesh type. Alternatively, a 
single layer mesh may be used. It is also preferable that the main jet 4 injects into a 
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venturi to increase the efficiency of gas burning. The ignition system 6 includes a pair 
of electrodes 9 disposed adjacent to burner 3 such that an arc passing between the 
electrodes jpiitcs the fuel-air mixture coming from the burner. The preferred 
embodiment also includes a combustion chamber 8 which uses a venturi action in 
5 combination with cooling air flow to draw heated gases from the combustion chamber 
and distribute them into the surrounding room. 

In the preferred embodiment, several sensing means are provided. A first 
sensing means is provided in the form of a thermocouple 10 mounted proximate to the 
gas burner 3. 

10 First and second thermistors 1 1 and 12 are disposed within the air intake 7 

downstream from an air filter 13. 

A gas pressure sensor (not shown) is provided to measure the gas pressure 
being supplied to main jet 4. A v ariable soleno id (not shown) is used to alter or stop 
gas flow in response to detection of gas pressure faults, or for the purpose of 
1 5 regulating gas flow to improve combustion quality. 

A first controller includes a microprocessor 14 linked to a non-volatile 
memory unit 1 5, which is capable of stori ng a nu mber of past enor conditions. 
Memory unit 1 5 also contains heater c alibration paranietc rs. 

Interface means are provided in the form of a second controller 16 which 
20 includes a second microprocessor and memory unit (not shown). The controller 16 
selectively accesses the contents of the memory unit IS. 

In use, each of the sensing means generates a signal indicative of the status of 
a particular aspect of the appliance, each signal being provided to microprocessor 14. 
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The microprocessor then processes the signals in conjunction with calibration 
parameters stored in the memory unit IS in order to vary the stat us of the appliance as 
necessary. 

In a preferred embodiment, microprocessor 14 obtains a signal (the ''ODS*' 

5 signal) from the thermocouple 10 and a temperature sensor 1 7 to monitor the level of 
CO2, and conversely the level of O2, (CO2/O2 concentration) in the incoming ambient 
air. The temperature sensor 17 may be, for example, a temperature sensitive diode. 
Microprocessor 14 causes the heater to shut down if the CO2 concentration rises above 
a preselected level. The temperature sensor 17 placed in an air outlet provides a signal 

10 indicative of the temperature of the combustion material. Microprocessor 14 utilises 
this signal to ensure that short term transients in the composition of the fuel/air 
mixture will not cause the system 1 to shut down the heater unnecessarily, but major 
changes are detected for comparison with valid status parameters. 

The thermocouple 1 0 is placed on the edge of the screen mesh of the burner 3 

IS where the air/fuel mixture is least stable and is heated by the flame in the combustion 
chamber. In this embodiment this location is important because changes in the COj 
concentration then have an immediate efiTect on the thermocouple 10 temperature and 
the resulting voltage generated. Other spots around the edge of the burner 3 may 
produce voltage signal strength variations, but the effect is less where the air/fuel 

20 mixture is more stable. 

It has been found that flame temperature also varies wit h acceptable 
variations in gas supply pressure and gas heating value. The resulting variations can 
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be larger than variations due to CO2 rise or oxygen depletion. Natural gas and 
propane are, for example, types of gas having different heating values. 

Heat output also changes with gas pressure or heating value. As a result, so 
does the temperature of the heated air mixture flowing over the sensor 17. In the case 
5 of using a diode for the sensor 1 7, the resistive voltage drop in the diode is 

proportional to temperature. The diode is placed m series with the thermocouple 10 to 
provide the ODS signal. As temperature rises, so does the voltage generated by the 
thermocouple and the voltage drop caused by the diode. The voltage sum across the 
thermocouple 10 and the diode changes only slightly with acceptable variations in 

10 supply pressure or heating value. As a result, normal fuel variations do not cause false 
indications of oxygen depletion (or excessive CO2 rise). 

Alternatively, the signals from the thermocouple 10 and the sensor 1 7 can be 
supplied to the microprocessor 14 independently for processing (e.g., the 
microprocessor can digitally sum the signals). 

15 The heat released by combustion is not affected as oxygen or carbon dioxide 

levels change, as long as oxygen is in excess supply. The flame changes as does the 
temperature of the thermocouple, but the total heat released does not change. Thus, 
the diode voltage drop remains constant, but the thermocouple voltage falls as the CO2 
level rises. 

20 Testing has shown, for example, that the voltage produced by the series 

combination of the thermocouple and diode drops approximately 3 to 4 millivolts 
when oxygen in the room air is reduced from the normal 20.9 percent to 1 8. 1 percent 
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(the minimum standard). This drop is called the ODS offset voltage and is stored as a 

calibration parameter in the memory unit IS. 

Based on the normal operating voltage or ODS reference voltage (also stored 

as a calibration parameter in the memory unit 15), an ODS trip voltage is defined as 
5 the difference between the reference voltage and the oflEset voltage. If the ODS signal 

drops below the trip voltage, the heater is shut down and provides an audio and visual 

alarm. This fault condition is also recorded in the memory unit 15. 

In the preferred embodiment, ODS signal is filtered by taking a moving 

average of the last 64 ODS values measured at 1 second intervals. These values are 
10 stored in a buffer (not shown). This has the effect of further smoothing spurious 

transients in the ODS signal, as shown in Figures 4 and 5. 

A preferred embodiment of system 1 applied to heater 2 only stores oxygen 

depletion parameters for when the heater is set to its "high** heating range or mode. 

To measure oxygen depletion when heater 2 is set at other ranges, microprocessor 14 
15 periodically switches the heater to "high'* range (without changing the fan speed) for 

60 seconds. The system is allowed to stabilise for the first 30 seconds, then CO2 

levels are measured for the following 30 seconds. Of course, ranges other than *'high'' 

range may be chosen as standard, and the time period may be correspondingly altered 

to provide stable and repeatable results. 
20 The ODS check does not occur during the transient period when the heater 2 

is first turned on. The flame initially radiates much of its energy to the cold walls of 

the combustion chamber 8, and its temperature is low. In this embodiment, the ODS 
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signal may typically start at about 90 millivolts. The flame temperature rises as the 

walls heat up, and the ODS signal rises to about 95 millivolts. 

The cold junction of the thermocouple 10 is located away fh>m the 

combustion chamber 8. The cold junction temperature starts out cold, but slowly rises 

5 as heat soaks into the rest of the heater until steady state operation is reached. The 

rising cold junction temperature lowers the ODS signal to about 80 millivolts after 

about 10 minutes. Equilibrium is generally reached by about 10 minutes. 

Each individual heater has a slightly different equilibrium voltage (i.e., ODS 

reference voltage). The value of the ODS voltage after 10 minutes during the first 

10 factory calibratio n of the heater is stored in the memory unit 1 S as the ODS reference 
I ^ — ♦ 

voltage. 

Recalibration of the reference voltage is only permitted at sites approved by 
the manufacturer. 

Microprocessor 14 may also process the ODS signal to check for other 
1 5 potentially dangerous situations, such as higher or lower heating value gases being 
supplied to the burner than the heater is designed for, or for gas pressures above or 
below preset allowable operating ranges. It can do this by also cl ickin g the ODS 
I signal against an ODS maximum out-of-range value stored in the memory unit 1 5, for 

example, 100 millivolts and shutting down the heater if the maximum value is 
20 exceeded. 

Similarly, an ODS minimum out-of-range value can be stored and used to 
control the heater. 
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Microprocessor 14 also controls ignition system 6 and selectively actuates a 
high intensity arc between electrodes 9 to ignite burner 3, as required. 

The pair of electrodes also fonns part of the sensing means. More 
particularly, an AC voltage is applied across electrodes 9. In the presence of a flame, 

5 that is, when burner 3 is ignited, flame rectification occurs, which allows a small 
rectified current in the order of up to, for example, four to five micro*amps to flow 
between the electrodes 9. This current is monitored by microprocessor 14. Should a 
predetermined current profile be detected (e.g., below 2 microamps), the system will 
be shut down. Accordingly, microprocessor 14 ensures that burner 3 remains alight 

10 and that the dangerous possibility of unbumed gas leaking into the surrounding 
enviroiunent is avoided. 

Microprocessor 14 also used to sense the presence of a flashback condition 
within the burner 3. This condition occurs when flame is no longer confmed to the 
surface or just above the surfiice of the burner mesh, and in fact works its way back 

13 inside the burner. This is a dangerous condition and the ability to sense its presence is 
of extreme importance. In a preferred embodiment, flashback is detected by sensors 
operating in two different regimes. 

During the first three minutes of heater operation while the thermocouple 1 0 
is cold, if flashback occurs, the ionised gases providing flame rectification between the 

20 electrodes 9 stop and the microprocessor 14 shuts down the heater 2 and indicates an 
error condition. 

After this initial period, the microprocessor 14 monitors the raw ODS signal 
(unfiltered) for sudden drops. Any drop is compared to a flashback voltage gradient 
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(e.g., 5 millivolts in any 8 second period). If such a drop is detected, the 
microprocessor 14 shuts down the heater 2 and indicates a flashback condition. While 
the ODS signal formed by the combination of the thermocouple 10 and temperature 
sensor 17 may be used, superior flashback detection can be achieved with just the 
5 signal fiom the thermocouple 1 0. 

In another embodiment, the current between the electrodes 9 is used to detect 
flashback at all times by the drop in the flame rectification current. 

It has been determined that the flashback voltage gradient is distinctive to 
flashback, whether the heater is on low or high range. The flashback voltage gradient 
1 0 is also stored as a calibration parameter in the memory unit 1 S. 

By sensing flashback, the burner 3 can be shut down upon flashback allowing 
it to be designed for optimum performance and cost rather than having to be designed 
to withstand the destructive effects of flashback. 

Microprocessor 14 also processes signals from the first and second 
15 thermistors 1 1 and 12 to detect whether air intake 7 is blocked. The use of two 
thermistors enables microprocessor 14 to distinguish between a blocked filter 
condition and an air loss condition caused, for example, by failure of the fan 22. 
Should either one of the above conditions occur, microprocessor 14 stores an error 
message and/or takes action such as system shutdown, as appropriate. 
20 The fan 22 draws cooling air from the filter 13 and from the controller 

compartment 23 (e.g., 8 percent). The air status signal is arranged so that it increases 
when the temperature of the filter thermistor 12 rises and decreases when the 
temperature of the downstream thermistor 1 1 rises. As the filter 13 becomes 
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progressively more dirty, more air is drawn from the controller compartment 23, and 
this air is wanner than ambient air. The thermistor 1 2 is then heated and the air status 
signal increases toward an airflow upper out-of*range value that is stored as a 
calibration parameter in the memory unit 1 S. When the upper value is exceeded, a 

5 dirty filter indication is provided, but the heater continues to operate. 

If the filter 1 3 becomes too blocked or the fan 22 stops, the thermistor 1 1 
heats up from being proximate to the combustion chamber 8 and decreases the air 
status signal toward an airflow lower out-of-range value that is stored as a calibration 
parameter in the memory unit IS. When the lower value is exceeded, a fault 

1 0 indication is provided and the heater is shut down. 

As an alternate embodiment, the thermistor 12 can be eliminated and a PTC 
thermistor substituted for the thermistor 1 1 . 

The first controller may also sense failure of the fan 22 or a drop in airflow 
through the filter 13 by sensing current drawn by the fan. 

15 Microprocessor 14 may also monitor the speed of the fan 22. Changes in 

cooling airflow can significantly affect emissions of NO,, and CO, so microprocessor 
14 can regulate the speed of the fan to ensure constant, precise airflow. In one 
embodiment, the fan is driven by an AC motor and the microprocessor controls its 
speed by altering the frequency of the AC drive current. Alternatively, 

20 microprocessor 14 can alter the DC voltage applied to a DC motor as required. 

Controller 16 selectively communicates with microprocessor 14 through a bi 
directional infrared or radio frequency commimication link 1 8. An operator may use 
controller 16 to interrogate memory unit IS. Required information is obtained via 
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mic roprocessor 14 to ascertain past errors and historical data which have occurred and 

(to read the currently stored calibration parameters. Moreover, controller 16 allows an 
opgago r to v aiy the calibration parameters, or alter contents of memory unit 1 5 . An 
operator can also read data about the particular heater, such as its serial number, date 
5 of manufacture, the n umber of operational ho urs (helpful to determine warranty life) 
and so on. Also, the operator can monitor in real time the operating heater voltages. 

It is preferred that a third controller 1 9 interfaces with heater 2 by infiared or 
radio frequency communication. Third controller 19 can set timing functions, telling 
the heater when to turn on or off. It may also set a desired room temperature, or alter 
10 any of the parameters in the memory unit such as the current heat mode. In a 
preferred embodiment, the third controller's functions are limited to prevent a user 
from interfering with heater parameters or calibrations. 
y System erro rs that are recognised by microprocessor 14 are stored in the 

memory unit 15. These stored errors may be conmiunicated to the user in a number of 
15 ways. A graphical display may be used which gives a text message about particular 
errors. Alternatively, a recorded voice message may give similar information. Other 
information may include directions to enable the user to fix the problem, a telephone 
nxmiber to call for service, a description of the problem or a specific code related to the 
particular error, or data on the total number of hours over which the heater has been 
20 used. 

In the preferred embodiment, five light emitting diodes (LEDs) of different 
colours display information by using a code which allows for each LED to be either 
on, off or blinking. Each code of a combination of on, off or blinking colored LEDs 
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corresponds to a particular error message, allowing a user vAio is unable to repair the 
unit to call a service center. The service center, by interrogating the user about the 
code displayed, ma^ dispat^ jj^ce person equipped to deal with the precise &ult 
described or advise the user of simple corrective actions. 
5 Other sensors may be included for the purpose of safety and efficiency. For 

example, in the prefenred embodiment there is provided a tilt sensor 20 which causes 
the first controller to shut down the heater 2 if the heater is tipped over. A further 
example is an overheat sensor 21 . 

The first controller checks for corruption and other enors in the data stored in 
10 the memory unit 1 5. These data parameters are optimised for a particular heater, but if 
they are corrupted, more conservative, non-optimised data are substituted. The non- 
optim^^ data are st ored in unalterab le memory and are substituted for the corrupted 
data by the microprocessor 14. 

This limp-home mode can be initiated either in response to an operator input 
15 to an error indication or an automatic response. 

The first controller ch ecks for a flame signal b efore ignij ion ^d fl ame ^ r 
gas shut off (e.g., a foreign object can block the valve from closing). If flame signal is 
found, an alert is provided and a fault condition stored. In addition, the fan 22 is 
activated for the period of the fault 
20 In one preferred embodiment, the first controller monitors the temperature in 

the controller compartment 23 and shuts down the heater if a maximum controller 
temperature is exceeded. The maximum controller temperature may be stored as a 
calibration parameter in memory unit IS. 
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The first controller also regulates gas and air flow to the combustion chamber 
to optimise control of the emission of oxides of nitrogen and carbon monoxide. 
Finally, the first controller may also use "fiizzy logic" processing. 
Although the invention has been described with reference to specific 
5 examples, it will be appreciated by those skilled in the art that the invention may be 
embodied in many forms. 



06/29/2004, EAST Version: 1.4.1 



wo 96/33373 



PCT/AU96/00229 



-18- 

CLAIMS: 

1 . A heating appliance fuelled by a combustible gas comprising: 

a gas burner, said gas burner providing a site for substantially all of the 
combustion; 

S a jet for delivering the gas to said burner; 

a valve for controlling flow of the gas to said jet; 
an electrical ignition system for selectively igniting gas at the burner; 
a combustion chamber about said burner, said chamber having an inlet for 
combustion air and an outlet for burned gases; 
1 0 a combustion status sensor located at the combustion site for providing a 

signal indicative of a combustion status to be sensed; and 

a first controller that controls said appliance in accordance with said 
combustion status signal and a plurality of stored calibration paramete rs, said 
controller thereby being responsive to at least one of CO2/O2 concentration, flashback, 
1 5 combustible gas type, or gas pressure. 

2. A heating appliance according to claim 1 , further comprising a second 
controller in two-way communication with said first controller for receiving 
operational status and historical data from said first controller and for providing 
control signals to said first controller to change said stored calibration parameters. 

20 3. A heating appliance according to claim 1 , further comprising a third 

controller in one-way communication with said first controller for providing control 
signals to said first controller to control at least one of ambient temperature to be 
maintained, time of day to operate, or heat mode. 
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4. A heating appliance according to claim 1 , wherein said sensor is a 
combustion temperature sensor. 

5. A heating appliance according to claim 4, vs4ierein said stored calibration 
parameters are at least one of ODS offset voltage, ODS reference voltage, ODS trip 

5 voltage, ODS maximum out^f-range voltage, ODS minimum out-of-range voltage, 
flashback voltage gradient, airflow upper out-of-range value, airflow lower out-of- 
range value, or maximimi first controller temperature. 

6. A heating appliance according to claim 1 , wherein said sensor is a 
combustion gas conductivity sensor. 

10 7. A heatmg appliance according to claim 6, wherein said ignition system 
includes electrodes for providing an electrical arc and said combustion gas 
conductivity sensor shares said electrodes. 

8. A heating appliance according to claim 6, wherein said stored calibration 
parameters are at least one of ODS offset voltage, ODS reference voltage, ODS trip 

15 voltage, ODS maximum out-of-range voltage. ODS minimum out-of-range voltage, 
flashback voltage gradient, airflow upper out-of-range value, airflow lower out-of- 
range value, or maximum first controller temperature. 

9. A heating appliance according to claim 1, wherein said first controller is 
adapted to store a plurality of past error conditions and provide said conditions to an 

20 operator. 

10. A heating appliance according to claim 1, wherein said combustion status 
signal is filtered to remove short term transients. 

11. A heating appliance according to claim 1 , further comprising: 
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an intake for cooling air, 

an outlet for said cooling air and said burned gases; 

a cooling air fan communicating between said cooling air intake and said 
outlet for said cooling air and said burned gases; 
5 a first temperature sensor between said cooling air intake and said fan; 

a second temperature sensor between said fan and said outlet for said cooling 
air and said burned gases; 

said first controller being responsive to said fu^ and second sensors to detect 
a blockage of said cooling air intake or a £ulure of said cooling air fan. 
10 12. A heating appliance according to claim 1, further comprising: 

an intake for cooling air; 

an outlet for said cooling air and said burned gases; 
a cooling air fan communicating between said cooling air intake and said 
outlet for said cooling air and said burned gases; 
1^ a temperature sensor between said fan and said outlet for said cooling air and 

said burned gases; 

said first controller being responsive to said sensor to detect a blockage of 
said cooling air intake or a failure of said cooling air fan. 
13. A heating appliance fuelled by a combustible gas comprising: 
20 a gas burner, said gas burner providing a site for substantially all of the 

combustion; 

a jet for delivering the gas to said burner; 

a valve for controlling flow of the gas to said jet; 
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an electrical ignition system for selectively igniting gas at the burner; 
a combustion chamber about said burner, said chamber having an inlet for 
combustion air and an outlet for burned gases; 

a theimocouple located at the combustion site for providing a first signal 
5 indicative of a combustion status to be sensed; 
an intake for cooling air; 

an outlet for a combination of said cooling air and said burned gases; 

a temperature sensor located near said outlet for said combined cooling air 
and burned gases, said temperature sensor providing a second signal indicative of the 
1 0 combustion status to be sensed; and 

a first controller that controls said appliance in accordance with said 
combustion status signals. 

1 4, A heating appliance according to claim 1 3, wherein said temperature sensor 
is a diode. 

15 15. A heating appliance according to claim 13, vs4ierein first and second 
combustion status signals are added. 

1 6. A heating appliance according to claim 13, wherein said combustion status is 
at least one of COj/Oj concentration, flashback, combustible gas type, or gas pressure. 

1 7. A heating appliance fuelled by a combustible gas comprising: 

20 a gas burner, said gas burner providing a site for substantially all of the 

combustion; 

a jet for delivering the gas to said burner; 

a valve for controlling flow of the gas to said jet; 
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an electrical ignition system for selectively igniting gas at the burner; 

a combustion chamber about said burner, said chamber having an inlet for 
combustion air and an outiet for burned gases; 

a combustion gas temperature sensor located at the combustion site for 
5 providing a first signal indicative of a combustion status to be sensed; 

a combustion gas conductivity sensor located at the combustion site for 
providing a second signal indicative of a combustion status to be sensed; and 

a first controller that for an initial period controls said appliance in 
accordance with said second signal and for a later period controls said appliance in 
10 accordance with said first signal, said controller thereby being responsive to flashback 
during either period. 

1 8. A heating appliance according to claim 1 7, wherein said ignition system 
includes electrodes for providing an electrical arc and said combustion gas 
conductivity sensor shares said electrodes. 
15 19. A heating appliance fuelled by a combustible gas comprising: 

a gas burner, said gas burner providmg a site for substantially all of the 
combustion; 

a jet for delivering the gas to said burner; 

a valve for controlling flow of the gas to said jet; 
20 an electrical ignition system for selectively igniting gas at the burner; 

a combustion chamber about said burner, said chamber having an inlet for 
combustion air and an outlet for bxrnied gases; 

a fan for providing combustion air; 
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a combustion sensor; and 

a first controller that provides an alert sequence if said sensor detects an 
ongoing combustion signal before an ignition attempt or if combustion continues after 
gas shutofF. said alert sequence including activating said fan for the duration of said 
5 alert sequence. 

20. A heating appliance according to any one of claims 1, 13 or 19, wherein said 
first controller checks for errors in a plurality of alterable optimised stored data and 
upon detection of an error provides an alert and substitutes unalterable non-optunised 
data for the optimised data. 
10 21. A heating appliance according to claim 20, wherein said substitution is in 
response to an operator input. 

22. A heating appliance according to claun 20, viierein said substitution is 
automatically performed by said first controller. 

23. A heating appliance according to any one of claims 1 1 , 1 2 or 1 9, wherein said 
15 first controller varies the speed of said fan to control at least one of NO^ and CO. 

24. A heating appliance according to any one of claims 1 1, 12 or 19, wherein said 
first controller controls the valve and the fan to control at least one of NO, and CO. 

25. A heating appliance according to claim 19, wherein said first controller 
senses fan failure or airflow reduction by sensing fan cuuent 
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